This study investigated the phytochemical and biological activities like antioxidant, antibacterial and cytotoxitc effects of C. hirsuta (Synonym-Senna hirsuta) leaf extracted with exhanol. Qualitative phytochemical analyses were accomplished by established methods.
Introduction
The use of traditional medicines and plant drugs against various diseases receive considerable attention since last couple of decades (Kala, 2006) because they are believed to free from side effects (Parvath and Brindha, 2003) , convenient in using, economic in costing and versatile in disease relief. A lot of indigenous medicines have therefore been using even since the ancient time (Abu-Rabia, 2005) with successful remedial outcome.
Cassia hirsuta is an evergreen shrubby herb (0.2-2.4 m high), pubescent or sometimes pilose with hairy leaves, that is rarely found in Chittagong especially in the hilly area, although it is widely distributed in Bolivia, Caribbean Jamaica, Cuba, Colombia, Ecuador, El Salvador, Peru and Surinam, Nigeria, east and central Africa. It is also found in some region of India and Myanmar. It has been used by the tribes of Chittagong hill tracts for the treatment of various diseases. No local 'Bengali' name of the plant is known, however, in Myanmar it is commonly known as 'Kanduak' (Mazumder et. al., 2008) and in Nagaland as 'Khuksu'.
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Chemicals and reagents
Absolute alcohol and 1,1-diphenyl-2-picrylhydrazyl (DPPH) was purchased from Sigma-Aldrich, Munich, Germany. Tetracycline disc (30 µg/disc, Oxoid, England) and ascorbic acid (BDH, England) were used as reference standards for antibacterial screening and free radical scavenging assay, respectively. Vincristine sulfate (Merck, Germany) was used as reference cytotoxic agent in brine shrimp lethality test.
Preparation of leaf extract
The fresh leaves of C. hirsuta were washed with deionized water immediately after collection. Air dried leaves were ground into powder (600 g) to be macerated in absolute ethanol for 7 days at room temperature (23 ± 5) °C. Extract was filtered through Whatman No. 1 filter paper (32cm) and concentrated under reduced pressure at the temperature below 50°C through rotatory vacuum evaporator (RE200, Sterling, UK). The crude extract (72 g blackish-green colored, 12% w/w yield) was stored at 4°C for further use.
Phytochemical screening
The plant extract was phytochemically screened for the qualitative detection of alkaloids, glycosides, cardiac glycosides, anthraquinone glycosides, terpenoids and flavonoids using standard techniques as described below:
Tests for alkaloids
The alkaloids test has been done according to the method described by El-olemy et. al. (1994) . To conduct this test, a 0.5 g of extract was stirred with 5 ml 1% HCl on a steam bath and then the solution was cooled and filtered. 1ml of the filtrate was treated separately with drops of Mayer's, Hager's and Wagner's reagents and formation of dirty/dark brown, yellow-brown or reddish brown precipitate, respectively, indicated the presence of alkaloids.
Test for Glycoside
The presence of glycosides in the plant extract was confirmed by general tests as described by Sofowora (1984) .
General test: A 500 mg of an ethanolic extract was dissolved in one ml of water. A few drops of aqueous NaOH solution were added to the solution. Development of yellow color indicated the presence of glycoside.
Test for cardiac glycosides
The presence of cardiac glycosides and O-glycosides in the plant extract was confirmed by Legal's test and Baljet tests as described by Sofowora (1984) .
I Legal's test: A 100 mg of an ethanolic extract of the plant material was dissolved in two ml of pyridine and two ml of sodium nitroprusside solution (0.5%). The mixture was alkalined with NaOH (0.2 N) solution. Development of pink to red color development indicated the presence of cardiac glycoside due to lactone ring.
II Baljet test: A drop of Baljet's reagent (95 ml 1% picric acid + 5 ml 10% NaOH) was added to a two ml of an ethanolic extract of plant material. Development of yellow orange color development indicates the presence of five membered lactone rings at C-17 of the aglycone in cardiac glycoside.
Test for anthraquinone glycosides
The presence of anthraquinone glycosides in the plant extract was confirmed by the following tests as described by Sofowora (1984) : 
Test for terpenoids
The presence of terpenoids in the plant extract was confirmed by the methods as described by Trease and Evans (1989) . To perform this test, 0.5 g of extract and two mL of chloroform was mixed in a test tube and then three mL of concentrated H 2 SO 4 was added carefully to form a layer. A reddish brown color in the interface confirmed the presence of terpenoids in the extract.
Test for flavonoids
The presence of flavonoids in the whole plant extract was confirmed by NaOH and lead acetate tests as described by Harborne (1973) . 
Preparation of media
Müeller-Hinton agar media [(Hi media, India), final pH 7.3±0.2 (at 25°C)], was used for antibacterial screening. Artificial seawater (3.8 % NaCl solution) has been used for brine shrimp lethality assay.
Assay for radical scavenging effect
The free radical scavenging effect of C. hirsuta leaf extract and ascorbic acid was assessed with the stable scavenger 1,1-diphenyl-2-picrylhydrazyl (DPPH) with slight modifications of the method described by Brand-William et. al. (1995) . Different concentrations (20, 50, 100, 200, 400, 600 and 800 µg/ml) of C. hirsuta leaf extract were prepared in ethanol. Ascorbic acid solution was made with the concentration between 1-100 μg/ml. DPPH solution (0.004 %) was prepared in ethanol and five ml of this solution was mixed with the same volume of extract and standard solution separately. These solutions were kept in dark for 30 min. The degree of DPPH-purple decolorization to DPPH-yellow indicated the scavenging efficiency of the extract. The absorbance of the mixture was taken at 517 nm using UVVisible spectrophotometer (UV-VIS 1200, Shimadzu Corporation, Japan). Ascorbic acid was served as a positive control. Lower absorbance of the reaction mixture indicated higher free radical-scavenging activity. The scavenging activity against DPPH was calculated using the following equation: Scavenging activity (%) = [(A-B)/A] x 100, where A was the absorbance of control (DPPH solution without the sample), B was the absorbance of DPPH solution in the presence of the sample (extract/ ascorbic acid). Percent (%) scavenging effect was plotted against log concentration to obtain the inhibition concentration (IC 50 ) value using linear regression analysis.
Assay for antibacterial effect
In-vitro antibacterial potential was screened out by disc diffusion method (Bauer et. al., 1966) , a qualitative to semiqualitative test. The bacterial suspension turbidity adjusted to McFarland standard number 0.5, in Müeller-Hinton Broth.
With a sterile cotton swab bacterial culture was streaked on previously prepared Müeller-Hinton agar plate. Dried and sterilized paper discs were treated separately with desired concentration of previously prepared ethanolic solution of leaf extract using a micropipette dried in air under aseptic condition and placed at equidistance in a circle on the seeded plate. The concentrations of the extract used were 2 mg/disc. These plates were kept for 4-6 hours at low temperature and the test materials diffuse from disc to the surrounding medium by this time. The plates were then incubated at 37°C for 18 hours. The diameter of zone of inhibition produced by the extract was then compared with standard antibiotic tetracycline disc. Each sample was used in triplicate for the determination of antibacterial activity. Blank disc impregnated with ethanol followed by drying off was used as negative control.
Assay for cytotoxicity effect
Cytotoxic effect of the extract was determined by Brine shrimp lethality assay as described by Meyer et. al. (1982) . Simple zoological organism (Artemia salina) was used as a convenient monitor for the screening. 
Statistical analysis
All data are presented as mean ± standard deviation (SD) and were analyzed by one-way Analysis of Variance (ANOVA) (SPSS for windows, version 18.0, IBM Corporation, NY, USA). The values were considered significantly different at p < 0.05.
Results and discussion
Results of phytochemical screening showed the presence of Alkaloids, glycosides, anthraquinone glycosides, flavonoids and terpenoids in the C. hirsuta ethanolic extract (Table I) . These secondary metabolites are known to show medicinal and physiological activity while their occurrence and activity varies from plant to plant (Sofowora, 1984) . The antioxidant activity (DPPH free radical scavenging activity) of C. hirsuta leaf extract in comparison to ascorbic acid has been shown in Fig. 1 . Among seven different concentrations used in the study (20 to 800 μg/mL) (Fig. 1 ) the highest scavenging activity 78.70% was shown at concentration 800 μg/mL and at the same concentration ascorbic acid showed 98.34% scavenging activity. Percentage scavenging activity was plotted against log concentration. From the graph IC 50 (Concentration for 50% inhibition) values calculated by linear regression analysis for C. hirsuta extract and vitamin C were found to be 200.96 ± 0.85 and 1.24 ± 0.08 μg/mL, respectively.
Searching for natural anti-oxidant molecule is becoming very important in medical science as increasing amount of evidence suggests that oxidative stress is linked to pathophysiological mechanisms concerning multiple acute and chronic human diseases (Dalle-Donne et. al., 2006) , obesity (Vincent et. al., 2007) . But exposure to ROS is unavoidable because of the continuous endogenous generation of these agents by physiological processes, particularly mitochondrial respiration (Circu & Aw, 2010) and low levels of ROS are also indispensable in many biochemical processes, (intracellular messaging, cell differentiation, cell progression, arrest of growth, apoptosis (Ghosh et. al., 1998) , immunity (Yin et. al., 1995) , and defense against micro-organisms (Bae et. al., 1997 , Lee et. al., 1998 . Reactive oxygen and nitrogen species, ROS/RNS are essential to energy supply, detoxification, chemical signaling and immune function. Hence, the prevention of excess free radical formation is a vital step for cell survival (Valko et. al., 2006) . Naturally there are several lines of antioxidant defense mechanisms. The first defense line is to inhibit the formation of active oxygen species and free radicals by sequestering metal ions, reducing hydroperoxides and hydrogen peroxide and to quench superoxide and The sign "+" indicates the presence, "-" indicates the absence.
singlet oxygen. The radical-scavenging antioxidants function as the second line defense. The third-line of defense is the repair, de novo and clearance of oxidative damaged lipids, proteins and DNA (Jebakumar et. al., 2012) . There is another defense mechanism in which appropriate antioxidants are produced and transferred to the correct place at the correct time and in the correct amounts. In the present study the IC 50 value of C. hirsuta (200.96 ± 0.85 µg/ml) was found to be considerably higher as regards the IC 50 value of Ascorbic Acid (1.24 ± 0.08 µg/ml). It signposts the plants (C. hirsuta) second line antioxidant defense mechanisms, weakness as well as the possibility of being other antioxidant defense lines resiliency.
Antibacterial activity of C. hirsuta extract was evaluated on four Gram-positive and six Gram-negative bacteria by disc diffusion method using tetracycline as standard antibiotic disc. Plant extract showed zone of inhibition to almost all the strains (at dose 2 mg/disc) except Bacillus subtilis. Crude extract at the concentration of 2 mg/disc showed 13.0, 9.0 & 6.0 mm (Fig. 2) The activity of tested plant depends on their kind, mode of extraction and used species tested. The most common modes of action are interference with the cell membrane and cell wall, interference with nucleic acids, and enzyme interactions (Lambert and O'Grady, Neu, 1992) . Results implicated that the Gram-negative bacteria were more sensitive to the extract than the Gram-positive bacteria (Fig. 2) . Although the outer membrane (OM) of Gram-negative bacteria protects cells from many external agents, it is possible to weaken it specifically by various agents, collectively called permeabilizers, which disintegrates the LPS layer and increase the permeability of the OM to hydrophobic agents. Permeabilizers themselves may not be bactericidal, but they may potentiate the activity of other compounds, thus acting synergistically. So the observed anti-microbial effect could be combined for the action of permeabilizers and antimicrobial component of plant extract.
Bacillus cereus, Pseudomonous aeroginosa and Vibrio cholerae were the most susceptible bacteria, the observation that may be attributed to the presence of single membrane of the organism which makes it more accessible to permeation by active principles of the extract of C. hirsuta. In contrast, Staphylococcus aureus and Salmonella typhi showed the least susceptibility to the extract whereas Bacillus subtilis showed no sensitivity to the extract. This may be due to the fact that these organisms have intrinsic resistance from a restrictive outer membrane barrier and transenvelope IC 50 value of ascorbic acid =1.24 + 0.08 (μ g/ml) IC 50 value of CHLE =200.96 + 0.85 (μ g/ml) 48(1) 2013 multidrug resistance pumps (Girish and Satish, 2008) . The results of present research highlights, the fact that the organic solvent extracts exhibited greater antimicrobial activity because the antimicrobial principles were either polar or non-polar and they were extracted only through the organic solvent medium (Mohanasundari et. al., 2007; Britto, 2001) .
Therefore, the present study justifies the claimed uses of C. hirsuta in the traditional system of medicine to treat various infectious diseases caused by the microbes.
Brine shrimp lethality is a general bioassay which is indicative of cytotoxicity, antibacterial activities, pesticidal effects and various pharmacologic actions (McLaughin et. al. 1991) . In toxicity assessment of plant extracts by brine shrimp bioassay, an LC 50 value lower than 1000 μg/mL is considered bioactive (Meyer et. al., 1982) . In this bioassay, a dose dependent lethality was observed for different concentrations of extract used to determine the cytotoxicity by brine shrimp. However, probits were plotted against corresponding log concentration of extract and from the plot LC 50 (Lethal Concentration 50) value was calculated by regression analysis (Fig. 3) . In the present investigation the LC 50 value of the extract and standard compound (vincristine sulfate) was found to be 315.5 & 38.99 µg/mL (Fig. 4) respectively. The plant extracts in this investigation possess different types of secondary metabolites alkaloids, flavonoids, glycosides or saponins etc. (Table I ) which are well known for possessing toxicological and pharmacological properties. The cytotoxicity of plant material is considered to be due to the presence of antitumor compounds (Kawsar et. al., 2008) . The correlation between the brine shrimp lethality assay and in vitro growth inhibition of human solid tumor cell lines shows the value of this bioassay as a pre-screening tool for anti-tumor drug research (Anderson et. al., 1991) . In our testthe crude extract of C. hirsuta was found to be bioactive.
Conclusion
This study demonstrates the potentials of the C. hirsuta extract in free-radical scavenging, bacterial inhibition and cytotoxicity. Antibacterial and cytotoxic effect of the extract lead to the possession of different active phytochemicals in this extract and their individual or synergistic function could also be delineated from this study. Future study is required to isolate and characterize the individual bioactive compounds as well as to elucidate the possible mechanisms lying with these effects. 
